ABSTRACT
INTRODUCTION
The levels of metals on waters have been seriously increased during the last few decades due to human activities [1] . Several methods have been developed to reduce metal in waste, such as adsorption, electrolysis, dialysis, complexation, ion exchange, solvent extraction, and some kind of membrane separation techniques [2] [3] [4] [5] [6] [7] [8] [9] [10] . Adsorption still become preferred method for reducing heavy metal in aquatic environment because it is simple and gives satisfactory result [11] . Many efforts done by experts today are looking for new sources of sorbent that had high performance and derived from renewable source. Some of them, has been reported such as fly ash, nut shell, activated carbon, rice husk, rice husk ash, wheat bran, coconut shell, coconut shell charcoal, tamarind seeds activated carbon, calcite, humic acid [12] [13] [14] [15] [16] [17] [18] [19] [20] . Humic acid is reported to have widely used to reduce or eliminate metals in surface water, such as Zn(II), Pb(II), Cr(III), Ni(II), Cd(II), Cu(II), and rare earth elements [21] [22] [23] [24] [25] [26] [27] . Unfortunately, humic acid usually extracted from peat soil. Peat soil as a source of humic acid has less green aspect, because it can't be renewed immediately. In addition, exploitation of peat land potentially releases stored carbon in the soil, so it can contribute to increasing the greenhouse effect [28] . One source of humic acid that has been reported is cow dung. Cow dung can be a source of humic acid which is greener, cheap, and still have good sorption ability [29] [30] [31] .
Based on this report, it is possible that other animal's dung, like a horse that has texture and properties similar to cow dung can also be used as a source of humic acid. Horse dung has a denser and rough texture from cow dung, so it is rarely used for biogas and organic fertilizer. The existence of horse dung often cause bad affect for environment because the dung is scattered so it cause smell and the appearance of nuisance animals that come from the dung. If the horse dung can be a source of humic acid, its treatment not only solves the environmental problems caused by waste horse dung, but also it's giving advantage in waste heavy metal handling in the environments. Based on the green properties of horse dung compared to peat as a source of humic acid, it is interesting to extract and study the kinetics and thermodynamics sorption of horse dung humic acid to adsorb Zn 2+ metal ions. The study of kinetic sorption was according to developed kinetics model based on an approach that sorption is a dynamic equilibrium process and during mathematical derivation the availability of binding sites of sorbent. The applicability of the developed sorption kinetic model is then tested for the sorption of Zn 2+ , where their distribution in soil and water has been known to be strongly associated with the presence of humic substance [32] . The evaluation is carried out for the determination of k a of the sorption of Zn 2+ on HD-HA. The sorption kinetic model is also evaluated for Lagergren kinetic model [33] [34] [35] [36] [37] , especially the value of its intercept (ln q e ) often found not equal between ln q e from Lagergren equation and value of ln q e from experiment [38] . Furthermore, comparison of developed kinetics model to the most widely used Lagergren pseudo first-order also critically discussed. 
EXPERIMENTAL SECTION

Materials
Procedure
Effect of medium acidity
At first, a series of 50 mL of Zn(II) was prepared and their acidity was adjusted to 2.0, 3.0, 4.0, 5.0, and 6.0 by adding HCl solution. Into every Zn(II) solution, 10 mg of purified HD-HA was poured and then stirred for 2 h. After filtering through 100 mesh membrane filter, the concentration of Zn(II) in supernatant was analyzed by using AAS. Sample and blank solutions were analyzed under same conditions. The amount of sorbed Zn 2+ was considered to be the difference between the initial and the remaining amount in the reacting solution each time a sample was analyzed.
AAS is a specific for elemental analysis, especially for metals. Its main components consist of a light source, atomization unit, a prism to disperse and isolate the emission lines, and a detector with appropriate amplifiers [40] . The light source with wavelength readily absorbed by the element to be determined is directed through the atomization unit, which maybe either flame or flameless apparatus. A measure of intensity is made without the sample and then with the sample introduced into the atomization unit. The decrease in intensity observed with the sample is a measure of the concentration of the element.
Sorption capacity and energy
The thermodynamic experiments were carried out using a batch type reactor using 50 mL Erlenmeyer in a water bath at 25 ± 0.01°C. As much as 10 mg of sorbents was interact with and stirred in 50 mL of solutions containing the various concentrations of 5, 10, 20, 30, 40, 50, 100, 200 , and 400 mg/L of Zn 2+ at pH 5.0 for 2 h and then aged for 24 h. After separating the supernatants, the concentration Zn 2+ in the supernatant was determined by AAS. Under the same condition with the sample solution, the blank solution was also analyzed. The data obtained was then analyzed using Freundlich and Langmuir isotherm models.
Sorption kinetics
The kinetics experiments also were carried out using a batch type reactor using 50 mL Erlenmeyer in a water bath at 25 ± 0.01°C. The volume of sorption medium was 50 mL, the initial metal ion concentration was 50, 200, and 400 mg/L, the acidity was adjusted at pH 5.0; and to each solutions, 10 mg of sorbent was added and then stirred continuously. At selected interaction time, the sample was immediately filtered through 100 mesh filter and the concentration of Zn 2+ in the supernatant was analyzed by using AAS. Sample and blank solutions were analyzed under the same conditions. The amount of Zn 2+ sorbed was considered to be difference between the initial and the remaining amount in the reacting solution each time a sample was analyzed. The data obtained was then analyzed by two different sorption kinetics models, i.e. Lagergren pseudofirst order and the proposed kinetics expression here.
RESULT AND DISCUSSION
Characterization of HD-HA
Horse dung humic acid (HD-HA) has the physical appearance and texture similar with peat soil humic acid (PS-HA), which was dark brown. UV-Vis characteristic spectra of humic acid do not indicate a maximum or a minimum peak clear where the highest absorbance in the UV region, then decreases with increasing wavelength. These results were similar to studies conducted by Stevenson [39] and Agarwal, et al. [41] . The high absorbance in the region 250-300 nm was characteristic of aromatic group or unsaturated compound which is a chromophore group of double bonds (C=C, C=O, and C=N) (Fig. 1) . It was also showed a high concentration of aromatic compounds and humification degree of humic acid [42] . UV-Vis spectra of humic compounds are widely used to determine the molecular properties of humic compounds [43] . There are three important areas where absorbance must be measured, i.e. about 280 nm, 400-500 nm and above 600 nm. Absorbance ratio can be calculated on the A 280 /A 472 = Q 2/4 , A 280 /A 664 = Q 2/6 , and A 472 /A 664 = Q 4/6 . Based on this ratio, degree of maturity (humification) of organic matter can be determined. Q 2/4 shows the proportion of lignin and other materials at the beginning of the process of humification [44] , Q 2/6 indicate the proportion between material humificated and unhumificated. The low value of Q 2/6 and Q 4/6 showed a high degree of aromatic and degree of humification of organic material [45] . Q 4/6 was used to measure degree of condensation and polymerization of aromatic compounds FT-IR spectra of crude and purified HD-HA compared to crude and purified PS-HA shows the similar peaks and gives the characteristics peaks of humic acid and can serve as humification index [46] . The ratio of Q 2/4 , Q 2/6 , and Q 4/6 of peat soil humic acid (PS-HA) and HD-HA were 34.99; 5.60; 6.25 and 41.94; 6.28; 6.68, respectively. Ratio Q 4/6 for humic acid is <5, while fulvic acid is between 6 and 8.5 [39] . HD-HA has a ratio Q 4/6 close to 5 which shows the characteristics of the humificated material but not perfect. While the HD-HA has a ratio Q 4/6 in the area of fulvic acid is 6.275. This indicates that HD-HA has not been humificated perfectly. These results are consistent with the fact that the horse dung has been used in this research only about 3 months old at depths less than 50 cm in the open areas.
The characterization of HD-HA using Fourier transform infra red (FT-IR) spectroscopy shown that their peaks were similar to PS-HA as a comparator which is 
. This evidence shows that the C=O group at humic acid still interact with something like metal-clay because it has not been purified. Small peak at 1720 cm -1 is an open chain ketone or residual aldehyde, as was the case in this study. Sharp peak was also often found in the area in 2330 which is the C=O stretching vibration of CO 2 trapped in the matrix KBr from decarboxylation results of COOH groups. Absorption at 1625-1620 cm ) is characteristic for humic acid [39] .
Purification process aims to eliminate inorganic impurities such as clay minerals and silicates [39] . The yield of ash level for crude PS-HA, purified PS-HA, crude HD-HA, and purified HD-HA were 7.31; 1.2; 15.66 and 0.99 (% w/w), respectively. The successfulness of purification process was indicated by the results of ash level of PS-HA and HD-HA after purification process was lower than before purification process. This result confirmed by decreasing absorption of FT-IR spectra in a finger print region of silica-alumina (1080 cm -1 ). The successfulness of purification process was also indicated by increasing in total acidity. Total acidity in this work was determined by Barium Hydroxide (Baryta Absorption) Method [39] . Total acidity of crude HD-HA and purified HD-HA were 400.6 and 415.3 cmol/kg, respectively. FT-IR spectra before and after purification process showed a significant differences in the functional groups of humic acid. After purification there is an increase in the intensity of the main absorption of humic acid functional group which explains the presence of these groups in the sample. The group which was increase in the intensity was O-H absorption at wave number 3400 cm -1 and C-O absorption at wave number 1226 cm -1 in purified HD-HA. Changes in the FT-IR spectra, ash level, and total of acidity show that purified HD-HA has fewer impurities.
Effect of Medium Acidity
The acidity of the sorption medium greatly affects of the amount sorbed Zn 2+ (Fig. 3) . In the absence of sorbent, nearly all Zn 2+ existed in the soluble form at pH ≤ 5.0 and began precipitated at pH > 6.0 (theoretical pH of Zn 2+ began precipitated was ≥ 8.5 [47] . In the presence of sorbent, the sorption of Zn 2+ increased with increasing pH from 2 to 5. From pH 8 to lower acidity the sorption significantly decreased. The increase of sorption from pH 2 to 5 may be caused by the decrease of the amount of H + in the medium, therefore, the competition between H + and Zn 2+ in occupying the active site on the sorbent also decreased. At pH higher than 5, the sorption compete with the precipitation (form Zn(OH) 2 ) and other species has been formed (Zn(OH) + ) [48] . As a result, the maximum sorption of Zn 2+ occurred just at the medium acidity in which has not been formed other species of Zn(II) and in which Zn 2+ started precipitating.
Sorption Capacity and Energy
Determination of capacity and sorption energy of Zn If it is assumed that sorption follows the Langmuir isotherm model, the sorption capacity (b) and constant of equilibrium (K) can be calculated respectively from the slope and intercept of plot between C/m and C. If it is assumed that sorption follows the Freundlich isotherm model, the sorption capacity (B) can be obtained from the intercept of plot between ln m versus ln C. The application of the two models was resulted the sorption parameters shown in Table 1 . Compared to the Freundlich model (Fig. 4) , the experimental data appeared to match better in Langmuir isotherm model ( The Langmuir isotherm is designed for monolayer sorption of species on a homogeneous surface with the same sorption energy for all active site regardless of the degree of coverage, while the Freundlich is for multilayer sorption on heterogeneous surface with the frequency of sites associated with free energy of sorption decrease exponentially with the increase of free energy [25] . Humic acid has many active side as O-(enolate), -COOH (carboxylic), -NH (amide), -O-(ether), C=O (carbonyl), etc. Among the active side, the oxygen containing functional groups such as -Oand -COO -is the most reactive functional groups [39] . FT-IR studies showed that -COO -plays an important role in metal complexation [39] . If we assume -COO -is the responsible group for the adsorption of metal ions, then the capacity (monolayer or mono-energy) Langmuir adsorption may indicate the number of this group. It was proved by Langmuir has better linearity than Freundlich Linearity. Because metal ions will occupy the active site that has the strongest interaction occupies first and then the active side with lower energy. While capacity (multilayer or multi-energy) indicates the Freundlich adsorption capacity -COOand all active side together. Interactions were occurred allegedly as electrostatic forces between the metal ions with active sites of horse dung humic acid. FT-IR spectra can provide little information about the electrostatic interaction between sorbate and sorbent (Fig. 6) . The weakening of the C=O absorption of -COOH on wave number 1720 cm 
Sorption Kinetics
The sorption profile of HD-HA as a function of time interaction is presented in Fig. 7 . The sorption of Zn 2+ 50 mg/L is initially rapid and then goes slower. The initial rapid sorption was observed for the first 45 min and then goes slower after 60 min. After 120 min, it is relative no additional Zn 2+ adsorbed on HD-HA, so it can be argued that the sorption has reached equilibrium.
Considering the sorption of Zn ; S is an sorbent (HD-HA); k a is the sorption rate constant and k d desorption rate constant.
If a is the initial concentration of metal A (mol/L), b is the Langmuir sorption capacity (mol/L) and x is the number of A is adsorbed on the S (mol/L), so the equation rate can be written:
At equilibrium,
It can be simplified in a simple form 
At time = 0, sorption has not happen yet so k a is 0 and metal ion of A has not adsorbed on sorbent S, so x = 0. Taking integration for the eq. (4) with limit (ab) to (ab-x e x), 0 to (x), and 0 to t, so eq. (4) 
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The eq. (8) Lagergren kinetics equation assume that sorbat concentration (a) is in excess rather than adsorption capacity (b), so from eq. 
If assumption a»b is right, value of ' a k in eq. (14) will closer to k a when concentration of a much higher than b. To verify equations above, in our study it has mol/L), respectively. The parameters of kinetics model can be seen in Table 2 . Plot ln (x e -x) vs. t or ln (q e -q t ) vs t onto Lagergren model (Fig. 8) showed higher linearity at the increasingly excessive concentration of Zn
2+
. The value of R 2 from plot ln ((ab-x e x)/(x e -x)) vs. t in eq. (7) has similarity to the Lagergren model, this indicate the both kinetics model is suitable in the same optimum condition (Fig. 9) .
When the concentration of Zn 2+ increased from 8.07 to 61.11 × 10 -4 mol/L, the value of k lag was also changed from 0.05619 to 0.02487 min -1 . The same thing was also shown by the eq. (7) Table 2 . Data of time variation of the concentration of the sorbate (a) in this study indicates the proposed kinetics of the eq. (14) gives linearity which is similar to Lagergren kinetics equation and has value of intercept nearly close from calculation.
CONCLUSION
HD-HA has physical apparent similar with PS-HA. Characterization HD-HA using spectrophotometer UV-Vis and FT-IR gives the characteristic pattern and characteristics absorption bands based on Stevenson (1994) . The proposed kinetic expression derived from the second order sorption reaching equilibrium has been proved successfully to be applied to determine the value of intercept of the well known Lagergren equation which has same value with calculation of ln ((x e (ab-x e 2 ))/ab). The proposed kinetics expression has the same condition with Lagergren kinetics model and gives better linearity at higher concentration of Zn 
